Conditions for Hybridisation 
of Oligonucleotide Probes 



When using oligonucleotides as probes, the aim is to find conditions that are 
stringent enough to guarantee specificity and sufficiently flexible to allow 
formation of stable hybrids at an acceptable rate. For DNA molecules more 
than 200 nucleotides in length, hybridization is usually carried out at 
15-25°C below the calculated melting temperature (T m ) of a perfect hybrid. 
However, as the length of the probe is decreased, the T m is lowered to the 
point where it is often impractical to carry out hybridization at T m - 25°C. 
Typically, therefore, hybridization with synthetic oligonucleotides is carried 
out under conditions that are only 5-1 0°C below the T m . Although such 
stringent conditions reduce the number of mismatched clones that are 
detected with short oligonucleotide probes, they have the less desirable 
consequence of reducing the rate at which perfect hybrids form. 

Hybrids formed between DNA molecules more than 200 nucleotides in 
length are completely stable for all practical purposes. The chances that such 
a long stretch of double helix will unwind at temperatures 15-25°C below the 
T m are extremely small. However, hybrids (even perfect hybrids) formed 
between short oligonucleotides and their target sequences at 5-10°C below 
the T m are far easier to unwind, and hybridization reactions of this type can 
be regarded as reversible. This has important practical consequences. 
Whereas hybrids formed between longer DNA molecules are essentially 
stable under the conditions used for posthybridization washing, hybrids (even 
perfect hybrids) involving short oligonucleotides are not. Posthybridization 
washing of such hybrids must therefore be carried out rapidly so that the 
probe does not dissociate from its target sequence. For this reason, hybridi- 
zations with short oligonucleotides should be carried out under stringent 
conditions (5-10°C below the T m ) using high concentrations (0.1-1.0 pmole/ 
ml) of probe. When only one or a small number of oligonucleotides (<8) are 
used as probes, the annealing reaction rapidly reaches equilibrium, and 
hybridization should therefore be terminated after 3 or 4 hours. More 
complex mixtures, in which the concentration of each oligonucleotide is 
comparatively low, require hybridization to be carried out for proportionately 
longer periods. For example, mixtures of 32 or more oligonucleotides should 
be hybridized for 1-2 days. Posthybridization washing should be carried out 
for brief periods of time, initially under conditions of low stringency and then 
under conditions of stringency equal to those used for hybridization. 
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CAl.C n LA. TING MELTING TJESLPHRA TURES FOR PERFECTLY MATCHED 
HYBRIDS BETWEEN OLIGONUCLEOTIDES AND THEIR TARGET 
SEQUENCES 

When using single oligonucleotides that match the target sequence perfectly, 
hybridization conditions can easily be derived from the calculated T m of the 
hybrid. For oligonucleotides shorter than 18 nucleotides, the T m of the hybrid 
can be estimated by multiplying the number of A + T residues in the hybrid 
by 2°C and the number of G + C residues by 4 C C and adding the two numbers 
(Itakura et al. 1984). However, this method overestimates the T m of hybrids 
involving longer oligonucleotides. 

A different approach has been taken by E. Fritsch (unpubl.), who found 
that the equation originally used to calculate the relationship between G + C 
content, ionic strength of the hybridization solution, and the T m of long DNA 
molecules (Bolton and McCarthy 1962): 

T m = 81.5 + 16.6(log 10 [Na*]) + CUHfraction G + C) - (600/AO , 

where N = chain length, predicts reasonably well the T m for oligonucleotides 
as long as 60—70 nucleotides and as short as 14 nucleotides. 

This formula only works for Na* concentrations of 1 M or less. 
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ESTIMATING THE EFFECTS OF MIS MA. TCHES 



Perhaps surprisingly, the classic formula (Bonner et al. 1973) to calculate the 
effect of mismatches on the stability of long DNA hybrids holds reasonably 
well for hybrids involving short oligonucleotides: For every 1% of mismatch- 
ing of bases in a double-stranded DNA, there is a reduction of T m by 1-1. 5°C. 
However, the precise effect of mismatches depends on the G + C content of 
the oligonucleotide and, even more critically, on the distribution of mis- 
matched bases in the double-stranded DNA. Mismatches in the middle of the 
oligonucleotide are far more deleterious than mismatches at the ends. There- 
fore, the method of estimation given above should only be used as a rough 
guide until a systematic study of all types of mismatches in a variety of 
contexts leads to more precise methods of estimation. If appropriate target 
DNA has been cloned, the effect of mismatches on T m can be determined 
empirically (see pages 11.55-11.57). 
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HTJBRLDI3LATJON OF POOIS OF OUGONUCZJEOTLDFS 



It is easy to calculate accurately the T m of a perfectly matched hybrid formed 
between a single oligonucleotide and its target sequence. However, when 
using pools of oligonucleotides whose members have greatly different con- 
tents of G + C, it is impossible to estimate a consensus T m . Because it is not 
possible to know which member of the pool will match the target sequence 
perfectly, conditions must be used that allow the oligonucleotide with the 
lowest content of G + C to hybridize efficiently. Usually, conditions are 
chosen to be 2°C below the calculated T m of the most A/T-rich member of the 
pool (Suggs et al. 1981b). However, the use of such "lowest common 
denominator" conditions can lead to a number of false positives, because 
mismatched hybrids formed by oligonucleotides of higher G + C content may 
be more stable than a perfectly matched hybrid formed by the correct 
oligonucleotide. In most cases, this problem is not serious, since the number 
of positive clones obtained by screening cDNA libraries with pools of oligonu- 
cleotides is usually quite manageable. It is therefore possible to easily 
distinguish false positives from true positives by another test (e.g., DNA 
sequencing or hybridization with a second pool of oligonucleotides corre- 
sponding to another segment of amino acid sequence). 

In those cases when the number of positives is unacceptably high, it may be 
worthwhile to consider using hybridization solvents that contain the quater- 
nary alkylammonium salts tetraethylammonium chloride (TEAC1) or tetra- 
methylammonium chloride (TMAC1) instead of sodium chloride (Melchior and 
von Hippel 1973; Jacobs et al. 1985, 1988; Wood et al. 1985; Gitschier et al. 
1986; Wozney 1989). In these solvents, the T m of a hybrid is independent of 
its base composition and dependent primarily on its length. Thus, by 
choosing a temperature for hybridization appropriate for the lengths of the 
oligonucleotides in a pool, the effects of potential mismatches can be 
minimized. 

It is important to obtain an accurate estimate of the T m in TMAC1 or 
TEAC1 before using pools of oligonucleotides to screen cDNA or genomic DNA 
libraries. Jacobs et al. (1988) measured the T i (the irreversible melting 
temperature of the hybrid formed between the probe and its target sequence) 
as a function of chain length for a number of oligonucleotides of differing 
G + C content in solvents containing either sodium or tetramethylammonium 
ions. Hybrids involving oligonucleotides 16 and 19 nucleotides in length melt 
over a smaller range of temperature in solvents containing TMAC1 than in 
solvents containing sodium salts (3°C for TMAC1 vs. 17°C for SSC when 
hybridizing 16-mers; 5°C for TMAC1 vs. 20°C for SSC when hybridizing 
19-mers). For 14-mers, the effect is much less dramatic (7°C for TMAC1 vs. 
9°C for SSC). Similar, but less extensive, data are available for solvents 
containing TEAC1 (Jacobs et al. 1988). 

The optimal temperature for hybridization is usually chosen to be 5°C 
below the T, for the given chain length. The recommended hybridization 
temperature for 17-mers in 3 m TMAC1 is 48-50°C; for 19-mers, it is 55-57°C; 
and for 20-mers, it is 58-66°C. Three points are worth emphasizing. First, 
the TVs of hybrids are uniformly 15-20°C higher in solvents containing 
TMAC1 than in solvents containing TEAC1. The higher T K in solvents 
containing TMAC1 allows hybridization to be performed at temperatures that 
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suppress nonspecific adsorption of the probe to solid supports (such as nylon 
membranes), resulting in lower nonspecific backgrounds. Second, hybridiza- 
tion solvents containing TMAC1 do not have significant advantages over those 
containing sodium ions until the length of the oligonucleotide exceeds 16 
nucleotides. Finally, the data have been extensively examined for 16-mers, 
19-mers, and, in previous studies, for much longer DNA molecules (Melchior 
and von Hippel 1973). It is currently an untested assumption that the same 
beneficial effect will be seen for DNA molecules of all intermediate lengths. 
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